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multimedia ‘games’ for the Mac that 
are nothing more than Director scripts. 

Director is ideal for anyone in busi- 
ness who wants to put together a pro- 
fessional presentation about his or her 
company without delving into the 
murky depths of serious programming. 
It’s wonderful for point and click tours, 
training, and in fact just about every- 
thing except for action adventure 
games. These require as much speed as 
they can possibly get, and should be 
programmed in Assembler or, at the 
very least, C. 

The current crop of Mac CD titles, 
such as the Chaos Continuum and Iron 
Helix, do nothing to help the multi- 
media cause. Instead, they are more 
likely to convince people that you still 
can’t do anything useful with this tech- 
nology, even when it comes down to 
entertainment. 

Before we wrap up for another 
month, I’d like to offer a quick bit of 
advice to anyone developing or work- 
ing with digitised audio files for use in 
presentations. It’s always worth audi- 
tioning samples on decent speakers 
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Abingdon 
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(0235) 550296 


Apple Computer 

6 Roundwood Avenue 
Stockley Park 
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Middlesex UB11 1BB 
081-569 1199 


Commodore Business Machines 
Commodore House 

The Switchback 

Gardener Road 

Maidenhead SL6 7XA 

(0628) 770088 


Disctronics 

Southwater Business Park 
Worthing Road 
Southwater 

West Sussex RH13 7YT 
(0403) 732302 

US 0101-214 881 8800 


Interactive Developments 
4 Aztec Row 

Berners Road 

London N1 OPW 

071-704 0550 


Microsoft 
Microsoft Place 
Winnersh 
Wokingham 
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such as Roland CM-12 monitors or 
our test-winning MA-7s. The reason 
behind this is that units like these 
have a higher frequency response than 
your average internal speaker, and so 
will show up any excess hissing in a 
sample. All this may sound obvious, 
but there’s nothing more annoying 
for either the presenters or the audi- 
ence than a constant background hiss. 

Hopefully next month we'll be 
looking more into MacroMedia 
Director, and how to get started with 
its Lingo language. 


Berks RT11 5TP 
(0734) 270000 


Philips 

Philips City House 
420-430 London Road 
Croydon CR9 30R 
081-689 4444 
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13 Westminster Court 
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(0483) 772773 


Valkieser MultiMedia 
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If you have a data entry problem please ring Geoff now for personal service and 
good advice. He has 100 different keyboards at his fingertips, from old Amstrads 
to the very latest EPoS matrix boards where each key can be programmed to do 
exactly what you want. Here's a small selection... 
Undoubtedly the best inexpensive keyboard... 
Switch between XT or modern AT boards...... 
Each key individually electro-mechanically swi 
The ultimate space-saver. Only 12"x6" deep 
Dvorak layout with often used keys re-located 
The very best keyboard irrespective of price ... 
As above but in European, Russian or Arabic. 
De-luxe model incorporating Trackball........... 
124 keys with on-board programmable memory .. 
Split keyfield model to preclude the onset of RSI.. 
Chorded keyboard & mouse: for single hand use . 
Numeric Keypad for use with any Notebook.....,........ 
Keypad with four programmable "macro" keys 
Also Polymer Covers, Extension Cables, Adaptors Switches, et alia. 
Data sheets can Faxed, if to be posted - 
please write enclosing 2x1st class stamps. 
P.O.Box 60 Stroud Glos GL5 5YB Trade enquiries invited 
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New MaxPak version 2.0, now includes score 
writing and print-out, MCI sample playback 
land design you own mixers. It also has MIDI 
machine control for operating your tape 
recorder from the PC. It is the only pattern- 
based sequencer for windows, and now 
icomes with over 40 librarian profiles for 
storing MIDI sound dumps. Owners £1 99 
of MaxPak 1.0 can upgrade for £50. 


Trax 3.0 is the ideal way for 

la windows users to experiment 

with MIDI sequencing. Trax 

gives you 64 MIDI tracks, each with its own 
volume fader, with separate edit windows for bars 
and notes (using easy-to-work-with piano-roll 
Notation or score notation). Trax supports 


WINDOWS 3.1 


WINDOWS 3.1 

COMPATIBLE 
MIDI INTERFACES 
PC MIDI card - £69 
16 MIDI channels s 
V22 - £99 - 32 MIDI channels 
V24s - £249 - 64 MIDI ch / SMPTE 
2Port/ SE - £199 
32 channels + SMPTE, LPT port interface 
KEY Midiator - £99 or £149 
Laptop interface, 16 or 64 channels 
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The 
is 4g creators of Band-in- 
y a-Box, the Pianist is 
‘ Yih a classical JukeBox 
which comes with 


215 beautiful classical performances in 
MIDI file format, You can play any of them 


| | in any order. Also, there is a trivia quiz and 
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‘Music Notation, Printing and Sequencing 
Seamlessly Integrated : Here's a pro score 
package which also has piano-roll editting, 
overview arrange page, continuous controller 
drawing, and most incredibly, total control of 
the Roland Sound Canvas range (eg SCC1). 
Other goodies include multiple undo levels, 
GS drum mixer, TrueType compatible: 
Musicator GS-£249 —_ free demo available 


SOHO SOUNDHOUSE / TURNKEY 
114 CHARING CROSS RD 


a dictionary of musical terms. Pianist sells 
for only £39 | Windows and Mac versions. 
Also available, Jazz Guitarist, Jazz Pianist. 


Band-in-a-Box 5.0 

Cakewalk Pro for Windows 

Coda Finale Academic 

Cubase for Windows / Cubase score 
QuickScore Deluxe 

Dream GMX1 GM synth 

FATAR MIDI Master Keyboards from 
Passport MusicTime + free Trax 2.0 
Passport Encore + free Trax 2.0 
Roland ATW10 sampling card 
Roland SCC1 

Turtle Beach Wave for Windows 


UK residents add 17.5% VAT 


LONDON WC2H ODT 


071 379 5148 


a division of Arbiter Group plc 


24 hour delivery from £9 


Another exclusive service from CD-Xpress! 
Had enough of your current stock of CD-ROMs?? 
Don't let your ROMs collect dust! 
Xchange it now for a NEW CD-ROM title. 


* No Silly Membership fees 

* No Gimmicks 

* No need to find space for unwanted CDs 

* Get new titles in exchange for your old CDs 
¢ Buy used titles at bargain prices 


© Call us to get the BuyBack price on your CD 4 
© Send the CD complete with any packaging (Recorded Delivery) 
© Order a new CD title from our catalogue 
© We deduct BuyBack price from your order 
© Simple as that! 
Wi THE CD-ROM COMPANY 
%) 


w CD-Xpress 
} 3 BealRoad 
><\ Ilford, Essex 


WW 1G14a0F 


CALL NOW! 
ON 081-518 4151 
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And it shall come to parse 


Man cannot live by key and mouse alone — some things just demand typed commands. 
Mike Liardet explains how to build a command interpreter using shift-reduction Parsing. 


gnc user interfaces have 
ecome enormously popular in the 
last few years, but it isn’t possible to do 
everything with command buttons and 
mice and for some tasks there is still a 
need to interact with the computer 
using typed command sequences. For 
example, it is well nigh impossible to 
handle mathematical formulae, expert 
system rules or complex data process- 
ing instructions with the simplistic 
point and shoot methodology of the 
GUI. These tasks need to be imple- 
mented as command languages. 

It is often possible to implement a 
simple command language in an ad 
hoc and simplistic fashion, but this will 
soon lead to trouble. Superficially sim- 
ple languages can turn out to be quite 
complicated when all the combinations 
are to be considered. Also, an ad hoc 
implementation is unlikely to be 
extendible, so if any new commands or 
constructs are added to the language, the 
underlying implementation will require 
major surgery. 

The main problem with command 
languages is understanding what the 
commands mean, and it is necessary to 
‘parse’ the command text and convert 
it into some other form in order to make 
any sense of it. Here we present a 
method called shift-reduction parsing 
which can convert the command text 
into Reverse Polish, which is easy to 
process. This method is widely applic- 
able and can be set up to cope with 
quite complex command sequences. 


Basics 

The usual way to program a command 
language on the computer is with an 
interpreter, which starts with the text of 
a command exactly as it was entered at 
the keyboard. First, it ‘tokenises’ the 


text, and then it parses the tokens to 
generate a data structure that repre- 
sents the original input in a form which 
is easy to process. An evaluation rou- 
tine can then take this data structure 
and evaluate it: in effect, it ‘runs’ the 
command. The overall interpreter oper- 
ation is summarised in Fig 1, showing 
how it would process a simple 
Calculate command. 

Typically for every verb, command 
or operation in the original language, 
the interpreter must have a routine that 
can carry out its wishes. For every 
object in the original language there is 
an area of computer memory in RAM or 
on disk that can be modified by the 
commands. An evaluation mechanism 
simply finds the objects in memory and 


Calculate A*10 


_ Tokenise 


[CALCULATE - word] [A - variable name] 
[* - operator] [10 - number] 


[A - variable name] [10 - number] [* - 
operator] [CALCULATE - word] 


applies the required routines to them. 
For example, the DOS command line 
interpreter (the CLI) handles the com- 
mand ‘DEL *.TXT’ by finding all the 
disk directory entries matching ‘*.TXT’ 
and applying a standard DELETE rou- 
tine to each in turn. 

When commands are to be used 
repeatedly it is actually more efficient 
to separate the translation from the 
evaluation, since the translation is then 
performed once only instead of every 
time the command is executed. But 
there is an even faster method for han- 
dling command languages — the com- 
piler. The compiler works in roughly 
the same way as an interpreter, but 
rather than representing the source 
statement as a data structure, it 


Evaluate 


Fig 1: Basic operation of a command interpreter. The user enters the command ‘Calculate 
A*10’ and the interpreter tokenises, Parses and evaluates to get to the result: 90. Here 
we are assuming that this particular command language allows variable names and that 
the variable A was set to the value 9 by a previous command 
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generates a program in the native lan- 
guage of the host computer. 

With compilers there is no need for 
an evaluation mechanism: the gener- 
ated program is run directly by the 
computer’s processor itself. Compilers 
are a lot harder to write. Quite apart 
from the difficulties in getting to grips 
with the host machine’s instruction 
set, it is often a problem to arrange 
intelligible error recovery. Moreover, 
the performance gains are only notice- 
able when applied to commands 
involving simple operations repeated 
many times. Many successful pro- 
gramming languages, including Basic, 
APL and the DOS CLI, are interpre- 
tive and not compiled (in most imple- 
mentations), so this is the methodolo- 
gy we will consider here. 


Tokenising 

Before attempting to parse the input it 
is useful to tokenise it first, breaking it 
up into words, numbers and other sym- 
bols. For example, the text ‘Calculate 
A*10+27.2’ might be split up as six 
tokens, as follows: 


CALCULATE (word) 


A (variable name) 

7 (operator) 

10 (integer numeric con- 
stant) 

+ (operator) 


27.2 (Floating point numeric 
constant) 


Notice that each token has an iden- 
tity or value, and a type, which we 
have given here in brackets. In this 
example, ‘Calculate’ has also been 
converted to upper case and the tokeni- 
sation has introduced breaks between 
various characters. ‘A*10+27.2’ is 
recognised as several different tokens, 
even though there are no spaces 
between any of the characters. 

Tokenising rules vary considerably 
between command languages, espe- 
cially with regard to the way they han- 
dle special symbols and punctuation. 
The text ‘++,—’ might be handled as 
three tokens (‘++’, ‘,’ and ‘—’), as five, 
or even as one, depending on the needs 
of the language or the whim of the 
implementer. 

The majority of people would expect 
a tokeniser to recognise numbers, 
words, quoted text and single-charac- 
ter punctuation marks in much the 
same way they themselves do. All the 
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Normal form 
A*B+9/C 

Delete X2Y 
P & Qimplies R P Q 


lfK &@Lthen$S ok 
withprob 0.5 


x Y @ 


Reverse Polish form 


Ave | SOF 


Delete 
R implies 


if S then 0.5 withprob 


Fig 2: Some examples of the Reverse Polish form. It is a particularly appropriate form 
for handling mathematical expressions, but it is also a good internal representation for 


other types of command language 


oddball characters on the keyboard 
can be treated in whatever fashion is 
deemed appropriate. 

Although it isn’t trivial to imple- 
ment a tokeniser, the process is not 
especially interesting, so we won’t go 
into any more detail on it here. It is usu- 
ally sufficient to have a function called 
‘readtoken’ that can provide the iden- 
tity (or the value) along with the type 
of the next token in the input stream. 
A ‘puttoken’ function can also be use- 
ful under certain circumstances, for 
‘unreading’ tokens, when the parser 
has read too far ahead. 


Reverse Polish 

The motivation behind the Reverse 
Polish representation is that it can rep- 
resent complex formulae and com- 
mands in such a way that they can be 
calculated efficiently. 

Fig 2 gives some examples of the 
Reverse Polish representation for some 
mathematical expressions and com- 
mands. Notice that the order of the 
operands (A, B, P etc) is the same in 
normal and Reverse Polish represen- 
tations, but the operators (+, Delete, If 
etc) are in different positions and a dif- 
ferent order. 

With Reverse Polish, the guiding 
principle is that the operands must 
precede the operators, and the opera- 
tors must be in the order in which they 
are to be used rather than the order in 
which they were originally entered. 
Thus for Fig 2’s first example expres- 
sion, 9 and C precede the / (division 
symbol) that operates on them and + 
comes right at the end. Addition comes 
last in this expression because of the 
mathematical convention that multi- 
plication and division are done before 
addition, unless there are parentheses 
to indicate otherwise. 


With a formula in Reverse Polish, 
the calculation process amounts to a 
single ‘sweep’ through the expression 
from left to right, without backtracking. 
The only complication is that a stack is 
needed to hold intermediate results as 
the calculation progresses. The stack 
is a simple mechanism that can have 
values pushed onto it or popped off 


STAGE FORMULA STACK 
AB*IOCH + 


M1JAB*9 Cis 
QIAB*9Ci+ 
BIAB*9 C7 + 
WJAB*9Ci/+ 
BJAB*9C/+ 
BJAB* OC} + 


AB*9 CP + 


a“ 


1 


EEREE EEL 


Fig 3: The eight stages in the evaluation of 
the Reverse Polish version of the formula 
‘A* B+9/ C’. For each stage the ‘”’ point- 
er indicates the symbol just dealt with. In 
this example the variables A, B and C have 
the values 2, 4 and 3 respectively. At the 
end of the evaluation the one and only 
item on the stack (11) is the result 
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Rule -Syntax Stack- 
Before After Action 

[1] eof | Successful completion 
rey 
bo 

tebe | be) 

[2] ] Add parenthesis marker 

num to buffer 
[ num 
Gah)’ pees 

[3] op2 If binary precedence of op1< binary 
hum precedence of op2 then ignore this... 
op1 op2 Add binary version of op1 to the buffer 
num 

ynum ; 

[4] op2 op2 If unary precedence of op1< binary 
num num precedence of op2 then ignore this... 
op1 op Add unary version of op1 to the buffer 

Lor I J 

[5] Unsuccessful completion 

eof 
ai | | a 


Fig 4: Some shift-reduction rules for converting formulae into Reverse Polish. A rule may 
be ‘fired’ when the Syntax Stack is in the form indicated in the Before column. The action 
is then taken and the Syntax Stack left as indicated in the After column. The key to the 
abbreviations is as follows: ‘eof’ for ‘end of formula’ marker, ‘bof’ for ‘beginning of for- 
mula’ marker, ‘num’ for ‘number’ and ‘op’ for ‘operator’ 


the top at any stage. 

At each stage in the calculation of a 
Reverse Polish expression, only two 
possibilities need be considered. If an 
operand is encountered (which will 
typically be a variable name or a num- 
ber in most command languages), the 
value of the operand must simply be 
pushed onto the top of the stack. If an 
operator is encountered, the required 
number of items are popped from the 
stack, operated upon, and the result 
pushed back. 

Fig 3 shows all the stages for calcu- 
lating the Reverse Polish version of ‘A 
*B+9/C’. The result of the calcula- 
tion is the one and only value left on the 
stack following the final stage. Stages 
(1), (2), (4) and (5) illustrate the handling 
of operands, and the other stages show 
operators being processed. For example, 
at stage (3) the ‘*’ operator has just been 
dealt with. ‘*’ requires two operands, 
which happen to be 2 and 4 here, and 
these are popped off the stack. The 
resulting product, 8, is subsequently 
pushed back. 

With the ability to tokenise and to 
calculate in Reverse Polish, the only 
missing ingredient for our interpreter is 
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the mechanism for taking a tokenised 
expression and converting it into 
Reverse Polish. As promised, we will 
show how this is done by shift-reduc- 
tion parsing. 


Parsing 

To keep things simple we won’t cover 
a wide range of possible operators, 
which typically would be used in real 
command languages. Instead, we will 
just consider the parsing of some basic 
arithmetic expressions. The shift-reduc- 
tion parser can easily be extended to 
cover other operators once it is work- 
ing correctly with the simple cases. 

A shift-reduction parser is guided 
by a number of rules, like those in Fig 
4, and a table of operator precedences, 
some of which are given in Fig 6. The 
conversion of the formula ‘(- A1 * 9) <= 
B2 - 4’ by this method is shown in Fig 
5. The general procedure is as follows: 
e The special operators ‘bof’ and ‘eof’ 
(beginning and end of formula) are 
added to the two ends of the formula 
before the process starts. 

e The translation proceeds as a single 
sweep from left to right through the 
formula. The Reverse Polish expression 
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gets gradually built up along the way, 
in a separate buffer. 

e As each operator is encountered it is 
pushed onto the Syntax Stack. 

e For numbers or variables the word 
‘num’ is pushed onto the Syntax Stack, 
and the number or variable identifier is 
copied immediately into the separate 
buffer. Other constants, such as quoted 
text, could be handled in a similar way, 
with some appropriate generic word 
like ‘text’ used on the Syntax Stack. 

e After an operator or ‘num’ has been 
pushed on the stack, a check must be 
made to see if the top items on the stack 
match any of the patterns in the Before 
column of the rules in Fig 4. The rules 
must be tried in the order shown. 

e If a match is made, the indicated 
action is taken and the stack is trans- 
formed into the form shown in the 
After column. 

e After a successful match, the rules are 
checked again for another match, and 
so on until no match can be made. Only 
then can the next symbol be consid- 
ered. See stages (7) and (12) in Fig 5, 
where several rules apply in succession. 
e The scope of the parser can be 
increased just by adding new rules. It 
is easy to add a rule to handle formu- 
lae with the functional syntax, as used 
by ‘cos(...)’, ‘log(...)’ and the other tran- 
scendental functions. 

Notice that the rules (3) and (4) in Fig 
4 can only be applied conditionally, 
according to ‘precedence’ values of 
operators. The higher the precedence 
value given in the precedence table, 
the sooner the operator will be applied 
during evaluation, as long as there are 
no brackets to force an order of evalu- 
ation. With the right precedence values, 
these conditions make sure that an 
expression like ‘1 + 2 * 3’ evaluates to 
7 and not 9. 

To make the processing more simple, 
‘bof’, ‘eof’ and the parentheses are also 
treated as operators, all with prece- 
dence 0. Note that the final Reverse 
Polish translation in Fig 5 includes ‘-’ 
and ‘—’ operators, correctly inserted 
by rules 4 and 3 respectively. The arti- 
ficial —’ operator is needed because the 
‘.’ sign can be either unary (as in ‘- A’) 
or binary (B - C) in input expressions, 
but the two cases must be differentiat- 
ed once the expression is in Reverse 
Polish form. 


Right on par 

Note also that the Reverse Polish expres- 
sion includes a new operator, ‘par’. 
This does nothing when a formula is 
evaluated, but it is introduced to mark 
the fact that the input formula had 
parentheses at the position indicated. 
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2, 
(0) bof (-A* 9) <= B- 4 eof Fig 5: Shift-reduction parsing 
“ in action. Here we see six of 
Syntax | | the 13 stages in the conver- 
Stack | | sion of the expression ‘(- A1 * 
9) <= B2 - 4’ to Reverse Polish. 
Buffer = ‘' For each stage, the ‘4’ pointer 
indicates the symbol being 
dealt with. As each symbol is 
(4) bofl<(4=-4-4=9:4)<<ecBu-..0 60f processed the Syntax Stack is 
A checked for a match against 
| num | the rules in Fig 4. If a rule 
Syntax | - | matches the action is taken 
Stack | (es) and a rematch attempted 
|==bo£-| before going on to the next 
symbol. The various actions 
Buffer = ‘A’ gradually build up the 
Reverse Polish expression in 
the buffer until the conversion 
(5) bof (-A* 9) <= B- 4 eof is complete. At this point the 
A Syntax Stack is empty and 
| ef | | the terminating ‘eof’ symbol 
Syntax | num | Rule 4 | +f has been reached, indicating a 
Stack | - |—>--| num | successful parse 
Bae sah, (pre | 
|__bof_| |__bot_| 
Buffer = ‘A -’ 
(7) bof (-A* 9) <= B- 4 eof 
A 
 eibecue eit 
Syntax | nun | | | | | 
Stack | * | Rule 3 | ) | Rule 2 | | 
| num |—>--| num |—>—-| | 
eee Sere eapoe Gas | num | 
|__bof_| = DoE__| j=obor-| 
Buffer = ‘A - 9 * par’ 
(11) bof (-A* 9) <= B- 4 eof 
A 
Buffer = ‘A - 9 * par B 4’ 
(12) bof (-A* 9) <= B- 4 eof 
A 
| eof | 
| num | 
Syntax | - | | eof | | | | 
| 
Stack | num | Rule 3 | num | Rule 3 | | Rule 1 | 
| 
| <= |—->-| <= |—>--| eof |—>--| | 
| num | num | | num | | 
| 
[= bof | |__bof_| P=Sbors| 
fe. | 
Buffer = ‘A - 9 * par B 4 — <=" 


RAY TRACING SET 15 Disks £30 
Source code, libraries, utils and ready to run ray tracing, fractal landscaping, 
3D modelling applications. 


GRAPHICS PROGRAMMING SET 7 Disks £15 


Technical spec. and source code (c/c++/pascal/assem) for graphics formats 
GIF, TIFF, TARGA, BMP, JPEG, PCX, PIC, FLI.. Source for viewers, SVGA... 


GAMES PROGRAMMERS TOOLKIT 3 Disks £8 


Libraries (C/assembly/pascal) & source code for creating arcade style (fast 
graphics & sound) games: parallax scrolling, sprites, animations. SVGA, 3D, 
special FX, joystick, soundblaster, FL! support 


MORPHING, IMAGE PROCESSING SET 7 Disks £15 


The best graphics programs for Dos & Windows includes Morphing, Image 
Processing, Convertors, Viewers... Some with full source le, 


Graphics Special 4 
All 4 Above = 
Sets Only £50! 


PASCAL PROGRAMMING SET 


Tutorials, ready to use libraries, essential utils, 
and lots and lots of source code Every thing a 
TP programmer will ever need! 15 Disks £30 


- DIAGNOSTICS SET ONE 7 Disks £15 


99 Utilitias to test every component of your PC. A must! 


DIAGNOSTICS SET TWO 7 Disks £15 
Tech. info on 1000 HDs(IDE,SCSI,ESDI,MFW..),cables, 
jumpers, controllers + more diagnostics utilities, 
All disks DD 3.5°, HD disks may be supplied (unless DD requested) eg 7 DD 
set = 4 HD set, all sets include printed docs, all disks zipped for max cap. 


Add £3 P&P. (overseas= £7) Cheques & POs to AP SOFTWARE, Dep 
W, 24 Laxton Grdns, Merstham, Surrey. RH1 3NJ. Tel:0737-642920 


7th Guest 

Adventures of Willy Beamish 
Arthur's Teachers Trouble 
Battle Chess MPC 

Blue Force 

Carmen SanDie, 
Chessmaster 

Composer Quest 

Conan the Cimmerian 


+ 1001 Utilities 

* Business Assistant 
* Game Arena 

* Jokes & Pranks 


* Learning Adventure 


CALL NOW! 
ON 081-518 4151 


FREE! 
CD-ROM Catalogue. 
Please add VAT to all prices 

Delivery C! 
UK: CD-ROM Software £4. 
Europe: CD-ROM Software £6. 


THE CD-ROM COMPANY 


CD-Xpress 
3 Beal Road 
Ilford, Essex 
IG! 4QF 


Day of the Tentacle 
Dune 

Eric the Unready 
FI17A Stealth Fighter 
Gunship 2000 

Hell Cab 

Jones in The Fast Lane 
Just Grandma & Me 
Kings Quest V 

Kings Quest VI 
Kyrandia 


Loom 

Lord of the Rings 

Mad Dog McCree 

Mantis Experimental Fighter 
Putt-Putt joins the Parade 
Return to Zork 

Rinj 

Secret of Monkey Island 
Sherlock Holmes Detective 
Sherlock Holmes Detective !! 
Space Quest IV Roger Wilco 
Stellar Seven Game 
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TELESERVICE 
CLEARING 
HOUSE LTD. 


Attention 
all 
Teleworkers! 


Can you afford to promote your 
services nationally? 


Do you market yourself 
professionally? 


Do you win enough leads to make 
yourself profitable? 


The Teleservice Clearing House Ltd. is offering 
a unique new nationwide service for 
teleworkers. Starting with the Brighton Edition 
of “Yellow Pages”, in January 1994, a 30mm. 
semi-display advertisement will progressively 
appear in all 71 UK editions of “Yellow Pages” 
through 1994 and early 1995. In addition, there 
isa further £8,000 advertising spend to promote 
theservice, a spend which will increase pro-rata 
with the number of subscribers. 


You can avail yourself of £30,000 worth of 
advertising for an annual subscription of only 
£10.00 including VAT. 


DON'T DELAY! 


Write, telephone or fax for an 
application form today. 


10 Bank Street 
Wigtown 
Newton Stewart, 
DG8 9HP. U.K. 


Telephone: 
Enquiries: 0988 403434 
Subscriptions:0988 403444 
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Operator -Precedences- 
Binary Unary 
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Fig 6: Some Operator Precedences. Higher precedence numbers cause the operator to 
be applied before lower ones, if there is a choice. The precedences given here concur 
with the normal algebraic conventions. For example, ‘1 + 2 * 3’ means ‘1 + (2 * 3)’ and 


not ‘(1 + 2) * 3’ 


This parenthesis information should 
be kept if the original text of the expres- 
sion is to be thrown away after it has 
been parsed. Armed with the ‘par’ 
markers it is possible to reconstruct 
the expression exactly as it was first 
entered, but without them the user 
would see a modified version of the 
original. The modified formula would 
still produce the right answers, but the 
changes could be rather confusing to the 
user. 


Implementation 

Alert readers will have noticed that 
this Low Level column, unlike most, 
doesn’t include any code. Given all the 
details of the method, though, it 
shouldn’t prove too difficult to apply 
it. The above methodology can easily 
be used to implement a DOS command 
line calculator, which can access envi- 
ronment variables and perform arith- 
metic on them. The calculator should 
be able to handle all the usual arith- 
metic operations, with integer and dec- 
imal input. 

More adventurous readers may care 
to adapt the method to handle a data- 
base query language or an advanced 
DOS front end, and there are plenty of 
other possibilities. One of the benefits 
of shift-reduction parsing is that it is 
easily extended to new areas. New 
forms of syntactic structure can be 
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accommodated by adding new parsing 
Tules. 

New operators are even easier. 
Simply store all the operators in a table, 
with their associated precedences. To 
add a new operator, add a new line to 
the table and write a function to execute 
its task. Remember each operator func- 
tion will be working with the evaluation 
stack, so it need only pull its arguments 
off the stack, perform the computation 
and put the result back. If implement- 
ed in a high-level language with good 
library support, it should require very 
little work to implement the computa- 
tion itself. 


